and Velardo (1958) . All estrogens iso lated from mammalian tissues and fluids are characterized by the cyclopentanoperhydrophenanthrene nucleus with a phenolic A ring with a hydroxyl group on C-3 and the absence of a 19 car bon atom.
HO' Estrogenic activity of sow ovaries was first demonstrated by Allen and Doisy (1923) in the follicular fluid. The active principles in this preparation were subsequently identified as estradiol-l^ beta (MacCorquodale et al., 1936) and estrone (Westerfeld et al., 1938) . Estrogenic, activity was observed in sow urine by Struck (1935) • In an attempt to characterize the estrogens in swine urine, Bredeck and Mayer (1958) reported estrone and estriol in ether extract of acid hydrolyzed urine. Lunaas (1962) , Raeside (1961a) and Velle (1959) have been un able to confirm the presence of estriol in sow urine but agree that estrone is the main excretory estrogen with possibly a small amount of estradiol-l^ beta.
Bioassay
Most techniques for biological assay of estrogens involve the administration of the test subtance to ovariectomized or immature female rodents. One widely used method is the AllenDoisy test which depends on the appearance of a cornified vaginal smear in ovariectomized mice or rats; this responce is typical of estrogen stimulation (Allen and Doisy, 1923 
Chemical Assay
Until the past several years chemical methods for estrogen assay had sufficient sensitivity only for urine of late preg nancy in which several mg. of estrogen are excreted daily.
Since then, at least three methods have been developed which have sufficient sensitivity and specificity to measure estrone, estradiol-17 beta and estriol. All of these methods utilize 15 vol. % HC1 for hydrolysis of the estrogen conjugates.
The first and most widely used of these methods is that of Brown (1955) • Additional steps have been added to this method (Brown et al., 1957; Salokangas and Bulbrook, 1961) . It involves a double extraction sequence, formation of the 3-methyl ethers of the 3 estrogens, followed by absorption chromatog raphy of these ^ethers on alumina columns and detection of the ethers by the Kober reaction. The Kober chromogens are extract ed and analyzed spectrophotometrically. The sensitivity of this method is 3 meg. of each of the estrogens per 24 hr. sam ple of human urine.
The method of Bauld (1956) A single extraction sequence, partition column chromatog raphy and detection of the estrogens directly by sulphuric acid fluorescence are used by Preedy and Aitken (1961) . A Celite column used in this method is developed with three suc cessive mobile phases and is collected in one ml. fractions.
This method can measure down to 1.0 meg. estrone, 1.8 meg.
estradiol-17 beta and 3-° meg. estriol per 24 hr. sample. The chromatography in this method requires 36 hr. and each urine sample analyzed requires 75 to 80 fluorescent determinations.
• • Ichii et al. (1963) have recently described a method for blood plasma based on fluorescent determination which has a sensitivity of 0.002 meg. estrogen/lOOml. plasma. This method, if proven practical, has the sensitivity required to measure circulating estrogens during the menstrual cycle.
Recently gas chromatographic methods have been developed for estrogen assay (Fishman and Brown, 19*52; Lukkainen et al., 1962; Wotiz and Martin, 1962 The effects of exogenous estrogen and progesterone on luteal function have been studied in several species in various physiologic and experimental conditions. The results of pro gesterone administration have varied from no effect in some species to complete luteal failure in others (Amoroso and Finn, 1962) . However, exogenous estrogen has generally been bene ficial to luteal function.
Estrogen treatment has been shown to induce formation of corpora lutea in prepubertal rats (Hohlweg, 193^) and to in crease the size and cause persistance of these glands in cycling rats (Maekawa, 1956; Merckel and Nelson, 19^0; Selye et al., 1935; Wolfe, 1935) . Chu and You (19^5) reported inhibition of ovarian activity by estrogen administration to rabbits which were neither pregnant nor pseudopregnant but Sawyer (1959) observed spontaneous ovulation following estrogen treatment during winter and spring but not in summer and early autumn indicating that the response may be dependent on season in this species. Gardner et al. (1963) and Kidder et al. (1955) observed a lengthening of the estrous cycle in gilts when daily administration of estrogen was began on day 11 of the cycle but not when it was began on day 6. Corpora lutea persisted for prolonged periods in dairy cattle implanted with stilbestrol for 34 to 190 days (Hammond and Day, 1944) . This observation was not confirmed by Greenstein et al. (1958) and Loy et al. (i960) in dairy heifers injected with estrogen from days 2 to 12 and 1 to 13, respectively, of the estrous cycle. These experiments suggest that the time of initiation and the dura tion of estrogen treatment may be important in prolonging the life of corpora lutea in swine and cattle.
Exogenous estrogen has been shown to prolong the life span of corpora lutea in pseudopregnant (Hammond, 1956; Heckel and Allen, 1936) , hysterectomized-pseudopregnant (Chu et al., 1946; Greep, 1941) and pregnant rabbits (Heckel and Allen, 1939) • Estrogen administration hastened implantation in pregnant, lactating rats (Weichert, 1942) and induced ovulation in preg nant rats (Everett, 1947) . Recently Barnes and Meyer (i960) have shown that estrogen is essential for implantation in rats.
There is evidence that the luteal stimulating influence of immature rats evoked an increase in pituitary weight followed by a decrease in gonadotropic potency and an increase in ovar ian weight. However, when animals were spayed prior to estro gen treatment the increase in pituitary weight followed but its gonadotropic content did not decrease suggesting that the ovary potentiates the release of hypophyseal gonadotropins by estro gen secretion (Bradbury, 1947) . Estradiol added to a culture of rat anterior pituitary cells stimulated production of pro lactin which is luteotrophic in the rat (Nicoll and Meites, 1962) . When estradiol was implanted in the arcuate nucleus of the rat hypothalamus (Lisk and Newlon, 1963) and in the poste rior median eminence of rabbits (Davidson and Sawyer, 1961) ovarian atrophy similar to that of hypophysectomy followed, indicating that pituitary gonadotropin secretion was suppressed.
Several workers have presented evidence that the bene ficial effect of estrogen on corpora lutea is a direct one.
Estrogen administration retarded ovarian atrophy following hypophysectomy in rats (Williams 1944; 1945) and maintained corpora lutea following pituitary ablation in pregnant rats (Lyons et al., 1943) , pseudopregnant rabbits (Westman and Jacobsohn, 1937)> hysterectomized-pseudopregnant rabbits (Greep, 19^1) and pregnant rabbits (Robson, 1939) • The ovarian re sponse to exogenous gonadotropins was enhanced in intact and hypophysectomized rats by estrogen treatment (Meyer and Brad bury, I960; Pencharz, 1940; Williams, 1940) . HBhn and Robson (1949) observed equal maintenance or degeneration between con trol corpora lutea and those implanted with crystalline estro gen in pseudopregnant rabbits while Hammond and Robson (1951) subsequently found that direct application of estrogen to rab bit corpora lutea maintained adjacent luteal cells while luteal cells in other corpora failed following hysterectomy, parturi tion or the end of pseudopregnancy. Bradbury (1961) applied crystalline estrogen to one ovary of immature rats leaving the other ovary untreated and observed a greater increase in weight, formation of corpora lutea and an increased response to endo genous and exogenous gonadotropins in the treated ovary.
Results of Heckel (1942) suggested estrogen metabolism by the uterus was related to the life span of corpora lutea. Re moval of part of the uterus in rabbits prolonged pseudopreg nancy in proportion to the amount of uterus extirpated. An amount of exogenous estrogen insufficient to increase the life span of corpora lutea in intact animals prolonged pseudopreg nancy in partially hysterectomized animals passed that of simi larly hysterectomized controls. The presence of the uterus under progesterone stimulation was reported to facilitate the conversion of estrone to estriol in rabbits (Pincus, 1937) and in humans (Smith et al., 1938) . The absence of the uterus or progesterone stimulation of the uterus resulted in less estriol and less total estrogen recovered in the urine after adminis tration of exogenous estrone indicating that the progesterone stimulated uterus influenced estrogen metabolism. However, using advanced chemical techniques, Heard et al. (1941) could not confirm these observations in the rabbit. Loeb (1923) observed an increase in the life span of corpora lutea in the guinea pig following hysterectomy during the luteal phase of the estrous cycle. Uterine removal at this time also increases the life span of corpora lutea in the cow, ewe and sow. Autotransplants of the uterus in pigs (Anderson et al., 1963b) and guinea pigs (Butcher et al., 1962a ) resulted in a normal or only slightly prolonged estrous cycle in these species. Butcher et al. (1962b) observed a relationship between the life span of corpora lutea and the amount of uterine and luteal tissue in guinea pigs. Unilateral ovariectomy at the time of partial hysterectomy shortened the estrual interval to 18 days as compared to 22 days following hysterectomy alone.
Unilateral ovariectomy with the uterus intact had no effect on the life span of the remaining corpora lutea. These results suggest that some ovarian substance which acts independently of uterine innervation may be involved in the uterine influence on the life span of corpora lutea. This possibility is augmented by the results of Du Mesnil Du Buisson (1961) and Bathmacher.
Severing one of the uterine horns from the body of the uterus in pigs prevented conception in these animals except when functional corpora lutea were absent from the ovary on the side of the sterile uterine horn. Conception was not prevented in control operations in which one horn of the uterus was com pletely removed. Corpora lutea were always present on both ovaries in these control animals.
1 Rathmacher, R. P., Ames, Iowa. Sterile uterine horn and embryonic survival in pigs. Private communication. 19&3.
EXPERIMENTAL PROCEDURE Urine Collection
Urine was analyzed from crossbred gilts weighing 240 to 350 lb. when urine collection was initiated. Four intact, two subtotally hysterectomized (tubo-uterine junction to mid-cer vix) , two ovariectomized and two ovariectomized-subtotally hysterectomized animals were used. Corpora lutea in ovaries of hysterectomized animals were marked with sterile animal charcoal at surgery, 5 or 6 days following the onset of estrus.
The intact and hysterectomized animals were checked daily for the occurrence of estrus with vasectomized boars.
Urine was collected for 11 days from two of the intact animals commencing at day 15 of the estrous cycle. The other two intact gilts were bred and urine was collected days 15 to 25, 30, 31, 40, 41, 50, 51, 75 , 76, 100, 101 and 110 to farrow ing. A similar collection schedule was followed in the hyster ectomized animals except that the collections had to be inter rupted between days 15 and 25 due to cystitis and that the animals were collected 110, 111, 120, and 121 days following the estrus prior to surgery. Urine was collected from the ovariectomized and ovariectomized-hysterectomized•animals for two-six day periods, one in which they were injected with 400 meg. estradiol benzoate per 100 lb. body wt. and the other in which they were injected with estradiol benzoate at the same rate in combination with 100 mg. progesterone per 100 lb. body wt. The hormones were administered in a single injection 24 hr. after initiation of urine collection which was continued for 4 or 5 days thereafter. One animal in each group received estradiol benzoate first while the other two received the com bination first. The hormones were administered intramuscularly in sesame oil containing 100 meg. estradiol benzoate per ml. and in addition, 25 mg. progesterone per ml. when this steroid was given concurrently. A minimum of 10 days was allowed to elapse between injections.
Samples were collected and analyzed on a 24 hr. basis from aliquots were taken. With the exception of samples from late pregnancy which were diluted to 100 or 200 ml. with water, aliquots were diluted to 500 ml. for acid hydrolysis. Dupli cate analyses were run on each sample.
All chemicals used in the chemical analysis were reagent grade with further purification as described by Bauld (1956) .
The estrogens in the urine were hydrolyzed, extracted, purified and separated as described by Baeside (196la) . The method in cluded hydrolysis by refluxing for 1 hr. after the addition of 15% concentrated hydrochloric acid. Hydrolysates were ex tracted once with 300 ml. and twice with 125 ml. diethyl ether.
The pooled ether extracts were washed with 100 ml. concentrated of acid-washed sand added after the alumina had settled under gentle tapping. The dried ether extracts were added to the columns with 3 times 2 ml. 2% ethanol in benzene and the columns were eluted with an additional 20 ml. of the solution. Eluates were collected in 125 ml. separatory funnels containing 25 ml.
n-hexane and 25 ml. water.
After partitioning the organic phase against the water the latter was discarded and the estrogens were extracted from the hexane-benzene mixture with 2 times 25 ml. 1.6% sodium hydrox ide. The alkaline solutions were collected in 250 ml. flat The purified urine extracts were added to the columns with 3 times 1 ml. mobile phase I. Reservoirs containing 30 ml. this solution were then attached to the columns. After discarding the first 10 ml. of eluate and collecting the next 2 ml. as a "pre-cut" fraction the remainder was collected as the estrone fraction. The reservoir was then filled with 40 ml. mobile phase II and the eluate collected in a flask as the estradiol fraction. The solvents were evaporated from the estrogen fractions in vacuo at 60° C.
The estrone fraction was further purified with Girard 1 s reagent T. Two ml. absolute ethanol, 0.5 g. Girard's reagent T. and 0.5 ml. glacial acetic acid were added to the residue and the mixture was heated for 15 min. at 80° C. in a water bath. The contents of the flask were cooled, 50 ml. water was added and the whole was extracted with 75 ml. diethyl ether.
The ether was discarded and the aqueous portion was returned to the flask, acidified with 7.5 ml. concentrated HC1 and heated on a water bath at 100° C. for 15 min. After hydrolysis of the complex the free estrone was extracted with 50 ml. benzene and the benzene was washed twice with 10 ml. water and evaporated in vacuo at 60° C.
The estradiol and estrone fractions were transferred to glass stoppered centrifuge tubes containing 50+5 mg. hydroquinone with 3 times 2 ml. benzene and taken to dryness under 
RESULTS AND DISCUSSION
In recovery experiments 88.8 +6.3 (S. D.)% of the estrone and 72.5 + 7.3$ of the estradiol-17 beta added to urine hydrolysates were recovered. Evidence has been presented which suggests that free estrogens are less labile to destruction during acid hydrolysis than the conjugated forms. (Katzman et al., 1954) . Therefore the estrogens were added following hydrolysis and no adjustment for recovery was made to the chemical estimates obtained. Table 1 . Estrone excretion in one of the cycling animals, C-l, increased from 0.016 mg. per day at day 15 to 0.113 mg.
per day on the day preceeding estrus, day 20. During estrus the level dropped rapidly to a low of 0.006 mg. estrone per day on the day following estrus, day 23. In the other cycling gilt, C-2, estrone excretion increased from 0.018 mg. on day 15 to a high of 0.152 mg. on the first day of estrus, day 21.
Daily urinary estrone then decreased until urine collection was terminated on the 25th day following the pre-collection estrus when 0.009 mg. estrone was observed. These data suggest that estrogen production decreased prior to ovulation in C-l and probably in C-2 for ovulation is normally believed to occur 24 to 36 hr. after the onset of psychic estrus. Raeside (1961b) has presented evidence from analysis of 8 hr. collection periods that estrogen production drops prior to ovulation.
Similar results were observed in pregnant animals from day 15 through day 20 with values of 0.015 and 0.013 mg. at day 15 and 0.171 and 0.128 mg. at day 20 in urine from gilts P-l and P-2 respectively. However from days 21 to 25 the amount of estrone in the 24 hr. urine continued to increase to 1.195 mg. from P-l and 0.762 mg. from P-2 at day 25. By day ]0 the amount of estrone was 1.39 and 1.10 mg. respectively from these animals.
Between days 30 and 40 a precipitous drop occurred and on the latter day only 0.027 and 0.025 mg. estrone were observed in 24 hr. samples from animals P-l and P-2 respectively. Urinary estrone again increased from this stage of pregnancy to highs of 16.5 mg. from P-l two days before farrowing and 26.8 mg. from P-2 three days before parturition. Gilt P-l delivered 11 piglets on the llôth day of pregnancy and P-2 farrowed 7 on the 115th day. Delivered placentae from P-2 contained 102 meg. free estrone, 18 meg. conjugated estrone, 5»° meg. free estra diol, presumably the beta form and less than 1 meg. conjugated estradiol per 100 g. These values indicate that swine placentae probably produce estrogens. Results of Faiermark (1935) with bioassay of swine placentae also suggest that they produce estrogen during late pregnancy and in addition during the third and fourth weeks of pregnancy. These data from 24 hr. urine samples from cycling and pregnant animals were in agreement with those of Lunaas (1962) and Raeside (1961a) .
Although luteal tissue similarly persists in a functional state during pregnancy and following hysterectomy (Anderson et al., 1961; Duncan et al., 1961) These cysts probably account for the elevated estrone excre tion at day 200. Gilt H-1 exhibited estrus on the 134th and 135th days following the preoperative estrus and when slaugh tered 9 days later her ovaries contained carbon marked corpora albicantia and unmarked functional-appearing corpora lutea.
Estrone was also the principal estrogen found in the urine of ovarlectomized and ovarlectomized-hysterectomized gilts in jected with estradiol benzoate alone or in combination with progesterone. The percentage of injected estrogen, computed on a molecular basis, that was recovered as estrone from the urine of these animals for one day prior to and 4 or 5 days following administration is set forth in Table 2 . The amount of the steroids administered to these animals at the beginning of the second 24 hr. collection period is also presented. Severe cystitis developed in gilt 0-2 during both collection periods and the catheter had to be removed at the end of the fourth post-injection day.
Small amounts of estrone were detected in the urine of all 4 animals on the day prior to injection (day 0). This value is expressed as a percentage of the amount of estrogen injected and it was not used to adjust the values for the post-injection days. Bioassay results of pooled extracts of hydrolyzed preinjection urine from these animals indicated that over half of the chemically estimated potency was estrone. Bulbrook and Greenwood (1957) observed low levels of estrogen in urine from ovarlectomized women.
In the ovarlectomized gilts 46.9$ of the injected estrogen was recovered over a 4 day period when estradiol benzoate was given alone compared to 41.4$ when these animals were injected with both progesterone and estradiol benzoate. The results were more variable in the ovarlectomized-hysterectomized animals with OH-1 having a higher recovery rate of 55*0$ when given estradiol benzoate alone compared to 47.7$ when both hormones were administered. The opposite occurred in OH-2 with 39*0$ recovered when only estradiol was injected compared to 60.3$ when progesterone was administered with the estradiol benzoate. 
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With one exception the maximum hormone excretion was observed in the first 24 hr. following injection. After the administra tion of estradiol benzoate alone to OH-2, the amount of estrone in the urine was unusually low the first day following injec tion and the maximum amount of urinary estrone was observed during the second day. However the percentage excreted the second day was very similar to that of the other animals qn the second post-injection day. Lunaas (1963) administered 10 mg. estradiol-17 beta to an ovarlectomized sow and recovered 40$ in the urine as estrone over a 4 1/8 day period. When estrone propionate and estradiol dipropionate were administered to ovarlectomized-hysterectomized rhesus monkeys only 3*3 and 4.4$ respectively of these compounds were recovered in the urine as estrone (Dorfman et al., 1945) .
During pregnancy the estrogen production of gilts appears to be inversely related to progesterone content of corpora lutea. The amount of estrone observed in a day's urine at days 40 and 50 of pregnancy was the lowest throughout preg nancy exclusive of the first three weeks while Duncan ejb al.
(i960) observed the highest endogenous levels of luteal pro gesterone at day 48 of pregnancy. Corpora lutea were observed to have the lowest progesterone content at day 102 of preg nancy which was the latest day studied while urine collected after the 100th day of pregnancy contained very large quan tities of estrone. However, this inverse relationship does not follow for in vitro synthesis by these glands and it does not hold true in hysterectomized animals. In animals subjected to this operation progesterone content of corpora lutea at 25, 50 and 110 days post-hysterectomy was approximately the same as at equivalent stages of pregnancy. The amount of estrone in the daily urine of hysterectomized animals remained at a consis tently low level through a period equal in length to pregnancy.
The results with ovarlectomized and ovariectomized-hysterectomized animals injected with estradiol benzoate alone and in combination with progesterone gave no indication that the uterus, the progesterone stimulated uterus, or progesterone itself influenced the metabolism of estrogen. Therefore the difference in estrogen excretion between pregnant and hyster ectomized animals must represent differences in estrogen pro duction rather than estrogen metabolism. These differences can probably be attributed to maintained corpora lutea pre venting pre-ovulatory swelling of follicles and estrogen pro duction from days 18 to 20 and to the lack of placental pro duction of estrogen at later stages.
Although evidence has previously been presented (Anderson et al., 1963a; 1963b; Butcher et al., 1962b) that the relation of the uterus to the life span of corpora lutea may be meta bolic, the results of this investigation gave no indication that it involves the metabolism of estrogen.
Although urine samples were routinely analyzed for estradiol-17 beta the amounts in the aliquots were generally below the minimum sensitivity of the method employed. The estradiol fraction material gave rise to low corrected optical densities when subjected to spectrophotometry analysis.
Little variation occurred in the corrected optical density of the estradiol fraction and no patterns were apparent in any of the animals studied including the ovarlectomized animals following the administration of estradiol benzoate.
SUMMARY
Urine was collected from gilts in various physiologic states on a 24 or 48 hr. basis. The estrone and estradiol-17 beta content of this urine was chemically estimated by spectro photometry analysis of their respective Kober chromogens.
The preparation of these estrogens for quantitation involved acid hydrolysis, solvent partition, saponification and chro matography on adsorption and partition columns.
The estimates for estradiol were consistently low and without any marked variation in any of the states studied.
Animals which were collected for 11 days beginning at day 15 of the estrous cycle exhibited a high estrone content of urine at the approximate onset of estrus with a low near the end or shortly after estrus. Estrone content of urine from pregnant animals was similar to that of cycling animals from days 15 to 20. After day 20 the estrone content of urine continued to increase in contrast to the cycling animals. At day 30 a high for early pregnancy was observed but by day 40 estrone quantities had dropped precipitously to levels similar to late in the estrous cycle. From day 40 to two or three days prior to parturition the estrone content of urine continued to increase to the highest levels observed in this study.
Delivered placentae from one of these animals contained rela tively large amounts of estrone and some estradiol, presumably estradiol-17 beta. Urine from hysterectomized animals was very different in estrone content from that of pregnant animals even though corpora lutea similarly persist in animals in these two states. The quantities of estrone in the urine of hyster ectomized animals remained at consistently low levels similar to those observed in the latter part of the estrous cycle.
No marked differences were noted in the renal elimination of estrone from ovariectomized versus ovarlectomized-hyster ectomized animals when they were injected with estradiol ben zoate alone and in combination with progesterone. These re sults suggest that estrogen metabolism as evaluated by urine content of metabolites is not affected by the uterus, with or without progesterone stimulation or by the absence of this .
structure.
